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Abstract: This paper explores the relationships between lean manufacturing (LM), the promotion
of green practices, employee involvement, pressure to take actions against environmental issues,
the adoption of an ISO 14001-based environmental management system (EMS) and environmental
performance in order to understand how LM can help improve environmental performance through
environmental practices and the development of a lean culture. The effects of pressure to “go green”,
employee involvement and the adoption of an EMS based on the International Organization
for Standardization’s standard ISO 14001 are discussed. Data were collected from 220 Chinese
manufacturing firms and analyzed using partial least squares (PLS) regression. The results suggest
that the implementation of LM has a positive effect on the promotion of green practices and consequent
achievement of high environmental performance; employee involvement is a moderator that affects
the relationship between green practices and environmental performance; pressure to “go green” is a
mediator in the relationship between LM and green practices; however, the adoption of ISO 14001 does
not act as a moderator on the relationship between LM and green practices, but synergies emerge if ISO
14001 is integrated with LM. The study shows the importance of human attitudes and fosters managers
to develop the necessary mechanisms to ensure and enhance employee involvement and lean culture.
Although these determinants of environmental sustainability have been studied separately until now,
this paper analyzes them simultaneously, investigating the relationship between different strategies
and shedding some light on successful actions that promote sustainable manufacturing, and on the
role of LM in sustainability. The findings can help manufacturers to take the initiative to improve
environmental performance and assist governments in implementing industrial policies.
Keywords: lean manufacturing; employee involvement; ISO 14001; attitude; successful actions
1. Introduction
Since the Industrial Revolution, the manufacturing industry has developed rapidly, not only
driving economic growth but also improving living standards. However, manufacturing activities
require natural resources, water and energy and are also responsible for waste, air emissions and water
pollution, threatening our environment [1] and contributing to climate change [2]. For this reason,
manufacturing and environmental sustainability may be regarded as incompatible terms. However,
within the research community, the paradigm of sustainable manufacturing is gaining acceptance and
it is attracting the attention of practitioners as well [3]. The concept of sustainable manufacturing has
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evolved (see reviews in [3,4]) since the first studies based on environmentally conscious manufacturing
and now it is defined as the creation of products that, throughout their life cycle, from the perspective
of the triple bottom line, limit their negative impacts on Nature and society while offering economic
and social value [5].
Currently, due to the implication of manufacturing in environmental issues (such as greenhouse
gas emissions, resource depletion or water pollution), an increase in regulatory, social and economic
pressure on manufacturers to “go green” (i.e., to become more environmentally friendly, improving
their negative impact on the environment, in order to preserve the environment and the natural
resources) is taking place. Determining how to promote sustainability as a response to such pressure is
currently one of the most important issues being investigated in both theory and practice [6]. Neither
technology nor management strategies can be ignored. Recent research shows that the aim to improve
environmental performance (e.g., to minimize the consumption of energy in order to cut CO2 emissions)
is difficult to achieve even with current best organizational practices [7]. For this reason, more research
is necessary to understand the determinants of sustainable manufacturing and the relationships among
different initiatives.
Companies respond to the pressure to “go green” through the promotion of green practices [8–10],
which include efficient manufacturing processes as well as green procurement, green design (eco-design),
and recycling. Through green practices, firms strive to improve their environmental performance
levels [11,12]. However, Jabbour et al. [13] found that several barriers, including resistance to
change, lack of training, aversion to innovation, limited financial capacity and the difficulty of
establishing environmental awareness, may hinder the promotion of green practices and thus affect
firms’ green performance.
According to several studies [14–16], the implementation of lean manufacturing (LM) can overcome
these barriers because LM is based on the elimination of “waste” (useless consumption of resources);
it relies on the engagement of operators and it is made up of tools and techniques such as pull production,
5S workplace organization method or total productive maintenance (TPM). All these elements promote
green practices and contribute to a better environmental performance [17]. However, a few questions
regarding the connections between LM, green practices and environmental performance still need to
be clarified. First, although many studies suggest that there is a connection between the “lean” and
“green” concepts, and support this hypothesis with successful case studies, quantitative empirical
studies that test the relationship between LM and environmental performance (such as [6] or [18])
are few and show mixed results [2,7]. Consequently, there is room for quantitative, survey-based
empirical research. Second, LM possibly drives employee involvement and this should lead to positive
effects on environmental performance. However, habits are hard to change and employees may have a
lukewarm attitude towards LM [19] that may result in poor performance. Cherrafi et al. [20] state that
companies face multiple barriers such as the lack of environmental awareness, resistance to change
and lack of involvement. Improvement of employee involvement is deemed a factor to change habits
and dismantle internal barriers. Thus, employee involvement seems to be a moderator—although
this role needs to be clarified. Third, regulatory, social, and economic pressures greatly influence
companies in their adoption of green practices [8]. Recent research [9] has empirically verified that
both organizational and regulatory stakeholder pressures have direct influence on the adoption of
green practices. However, their model did not consider the role of LM. In consequence, the existence of
a mediating effect needs to be tested and clarified. Fourth, many companies implement environmental
management systems (EMS) based on the requirements set by the International Organization for
Standardization’s standard ISO 14001 and some studies [21,22] suggest that LM and ISO 14001 can be
integrated to achieve some synergies. However, the adoption of ISO 14001 standards requires intricate
documentation and formalized processes [23]. In consequence, if the adoption of an EMS is combined
with the requirements of LM, the association may result in a complicated work process and lead to
questionable results. Therefore, the adoption of an ISO 14001-based EMS may have a moderating effect
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on the relationship between the implementation of LM and the promotion of green practices. Again,
this effect needs to be verified.
Based on the above, the research question that this paper addresses is: What are the relationships
and effects between the following constructs: LM, the promotion of green practices, employee
involvement, the pressure to “go green”, the adoption of an ISO 14001-based environmental
management system (EMS) and environmental performance? Although the literature is rich in
publications on these determinants of environmental sustainability, they have been mainly studied in
different research streams. However, no study has explored the relationship between them and specially
the role of LM in relation to the other factors and their effects. Creating a framework that combines
these variables and analyzing them together is the originality of this paper. This broad research
question raises the four specific questions presented in the previous paragraph that are formulated as
hypotheses to be tested by means of survey data through partial least squares (PLS) analysis so that
the relationships or effects can be quantified. This paper contributes to the literature on successful
actions that promote environmental sustainability on the following points: first, the study tries to
empirically verify the relationship between LM, green practices, and environmental performance.
Second, existing studies still point to a conflict among the roles of employee involvement, the pressure
to adopt environmental practices and the adoption of ISO 14001. The research results can help managers
understand the roles of these factors and guide them in establishing suitable practices to improve the
environmental performance of their companies through LM.
2. Literature Review and Theoretical Framework
2.1. Lean and Green
Lean manufacturing (LM) is a business model rooted in the Toyota Production Systems (TPS)
or “just-in-time” (JIT), as it was first known in Western countries [24]. In the 1980s, researchers at
the Massachusetts Institute of Technology coined the term “lean” to describe the simplicity of some
car assembly plants, with Toyota being the best example [25,26]. LM focuses on the elimination of
everything that does not add value to the product and therefore it is considered a “waste” of resources
(Muda in Japanese) [27] to deliver quality products at low cost with high productivity [28]. LM achieves
its goals by means of many tools and techniques [29] that help identify, remove and prevent wasteful
operations [30].
Despite the Japanese origins of LM, lean has won worldwide appreciation and, although it was
conceived in the automotive industry, it is now adopted by a plethora of companies in manufacturing
industries in order to improve their operational performance [2]. Beyond manufacturing, we find
examples of the application of the principles of LM in healthcare, construction, or mining companies, to
name a few sectors [6,31,32]. Womack et al. [26] believe that the fundamental ideas of LM are universal
and advocate their adoption. Likewise, Ohno [27] warned those interested in Toyota’s system to focus
on the principles and adapt the operational routines. However, many companies fail to achieve a
successful implementation [33].
In the 1990s, several scholars realized that there is a similitude between LM’s battle against
muda and the fight to reduce the environmental impact of the companies seeking to improve their
environmental performance. They conceived the “lean and green” [34] hypothesis: Lean practices
increase environmental performance [35] because the efforts to improve manufacturing processes
to increase productivity create opportunities for environmental improvement [36]. LM being the
most prominent paradigm in manufacturing [2], in recent years, the interest in the relationship
between LM and environmental issues has flourished again and the number of published papers has
skyrocketed [37,38]. However, there is still debate on the relationship between LM and environmental
performance and, as summarized by Khodeir and Othman [39], while many papers defend different
types of interaction between the two concepts, others state that LM is not “green” in essence because
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LM does not focus on environmental issues and therefore any environmental improvement is merely
collateral and due to chance. Even for its defenders, the relationship is still a black box [17,40].
Most papers on the “lean and green” hypothesis are either conceptual articles or case studies [41,42]
but there is a lack of empirical works. Conceptual papers and reviews of the literature hold a positive
correlation between LM and green practices (although some see conflicting differences in aspects such
as replenishment frequency [43]) and case studies (see for example the action research example in [17])
report success stories and highlight the importance of adequate human-resource management as well.
Empirical papers show mixed results: For example, LM enables organizations to adopt green practices,
but LM alone does not have a significant impact on environmental performance [44], or LM improves
a process in terms of quality but this negatively affects the environment [45]. Sartal el al. [7] show
that companies where the reduction of carbon dioxide is paramount need to operate with higher
levels of work-in-process, lead time, or workforce. Finally, Dieste el at. [46] undertake a review of
the literature (many papers were not empirical) that shows that some environmental performance
indicators are affected by the implementation of lean practices (especially air emissions, energy use
and solid waste) although some studies concluded that the relationship with gas emissions may be
negative. In recent reviews, Caldera et al. [47] and Farias et al. [40] associate different lean tools
to environmental sustainability indicators and, in recent empirical research; Garza-Reyes et al. [18]
empirically tested the relationship between LM and environmental performance in manufacturing
companies; Sartal et al. [2] empirically showed, using data from Spanish manufacturers, that quality
(jidoka) and respect for people positively affect environmental performance (CO2 emissions), but there
is a negative association between JIT manufacturing and CO2 emissions, showing that the principles of
LM are not equally “green”. Finally, Cherrafi et al. [6], based on survey data, tested the relationships
between LM and environmental performance, green practices and environmental performance, and
the effect of process innovation. However, they did not test whether green practices mediate the
relationship between LM and environmental performance.
Jabbour et al. [13] empirically verified that several factors or barriers may hinder the adoption of
green operational practices and affect firms’ operational and green performance. Their study shows
that internal barriers (including resistance to change, lack of training, aversion to innovation, limited
financial capacity and the difficulty of establishing environmental awareness, among other factors)
have greater impact than external barriers. When these impediments are not addressed, it is difficult to
implement green practices and improve environmental performance. In addition, Babur et al. [48]
suggest that LM might be implemented in order to change the attitudes (and associated behaviors and
habits) of workers. We contemplate the following dynamics:
1. LM requires the engagement of operators [15,26] in tasks such as problem-solving and process
improvement. Otherwise, lean practices such as pull production [15,29] with limited physical
inventory would be impossible to achieve. Consequently, lean companies try to engage employees
and change work habits by means of employee-empowerment and teamwork techniques [49]
(which match the requirements of green human-resource management practices [2], aligned with
environmental goals [16,50]). Due to people’s commitment, after the implantation of LM, the
ability to identify and eliminate sources of waste is extended to environmental issues without the
need for other specific methodologies [51].
2. LM is a process of continuous improvement that focuses on the elimination of everything that
does not add value to the product. When a process is improved, it becomes faster—as it involves
less “waste”—[20] and, in addition, it can involve a more proficient use of materials, energy
and natural resources [41]. Moreover, LM and environmental sustainability initiatives may
focus on different objectives but share the same tools: while LM tries to reduce the consumption
of materials to increase material efficiency, green manufacturing tries to reduce the consumption
of materials in order to improve its impact on the environment, but both approaches may use
the same techniques such as product re-design or recycling [7,38,43]. If this is the case, process
improvement becomes a conjoint lean and green activity [7,38,52].
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3. Equipment breakdown interrupts the production flow. For this reason, LM includes practices
related to maintenance such as 5S workplace organization method or total productive maintenance
(TPM), which encourage operators to conduct inspections on the equipment, perform routine
maintenance tasks and even improve the machines [15]. These lean practices help reduce wait
time, improve machine performance and even ameliorate the environmental impact of the
processes [14].
The implementation of green practices should lead to superior environmental performance [41],
characterized by a reduction in waste generation, a reduction in the usage of raw materials and energy,
and a reduction in environmental incidents. Likewise, beyond the scope of our empirical work, some
studies indicate that, if green practices are promoted, aspects related to waste generation, production
costs, and environmental incidents will be significantly improved [52,53]. Thus, in view of the above,
we hypothesize the following:
Hypothesis 1a (H1a). The implementation of LM has a positive effect on the promotion of green practices.
Hypothesis 1b (H1b). The promotion of green practices has a positive effect on a firm’s environmental performance.
2.2. The Effect of Employee Involvement on the Relationship between Environmental Practices and
Environmental Performance
Cherrafi et al. [20] accept the contribution of LM to the environmental performance of a company,
but they state that multiple barriers such as the lack of environmental awareness, resistance to change
and lack of involvement may hinder the implementation and integration of lean and green initiatives
and affect the environmental performance of the company. Zhang et al. [54] also presume that
environmental commitment could improve companies’ environmental performance.
Respect for people is one of the pillars of LM since its early origins at Toyota [27]. It holds that
operators should not be regarded as mere machines but thinking workers. Therefore, LM pursues
people’s involvement in tasks such as problem-solving and process improvement [2] to achieve
operational success [15]. In consequence, we could hypothesize that the same engagement is necessary
to achieve environmental success. The seminal work by Rothenberg et al. [45] already considered
worker involvement as a driver of environmental performance. Recently, Sartal et al. [2] empirically
confirmed the positive relationship between “respect for people” and environmental performance.
Taj [55], in their exploratory study on lean plants (although they were not in an advanced stage of the
lean implementation) in innovative sectors in China, confirmed that 50% of the plants in his survey had
implemented practices such as work teams, quality teams or problem solving. Accordingly, we posit
the following hypotheses:
Hypothesis 2a (H2a). The implementation of LM has a positive effect on employee involvement.
Hypothesis 2b (H2b). Employee involvement has a positive effect on environmental performance.
However, it is difficult to change employee habits and foster employee involvement and thus,
the implementation of LM may not guarantee the involvement of people. Employees may not be willing
to cooperate [36] or to bear the pressure associated to pull production, which may be stressful [2,27].
Ulewicz and Kucęba [56] find that a lack of communication between management and employees may
lead to lack of engagement and even to acts of sabotage. Moreover, especially in the initial stage of
implementation of LM, employees may show a lukewarm attitude, and they may minimally cooperate
in LM practices [19]. If operators are not predisposed, it is hard to improve processes, making it even
more difficult to encourage green practices. Poorly implemented LM can lead to poor operational
improvement [57] and, in a similar way, even if green practices are promoted, not much environmental
improvement can be expected [17]. Based on the above, employee involvement may act as a moderator
between the promotion of green practices and environmental performance. Thus, in view of the above,
we hypothesize the following:
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Hypothesis 2c (H2c). Employee involvement has a moderating effect on the relationship between green practices
and environmental performance.
2.3. The Influences of Pressure to Adopt Green Practices and ISO 14001 on the Relationship between LM and
Green Practices
Social, economic, and regulatory pressures incentivize companies to adopt green practices [8].
As people’s environmental awareness has gradually grown, the pressure that a company may
experience in the social, economic, and political spheres is considered the main factor influencing a
company’s environmental strategy [58]. Consequently, this pressure drives the implementation of
green practices [59] in order to improve environmental performance. According to the principles of
the institutional theory of the firm, Zhang et al. [54] empirically explored how regulatory pressure,
pressure from external stakeholders who have interests in the organization and pressure to imitate the
competitors (mainly in terms such as adopting an environmental management system) motivate green
practices—namely those practices intended to reduce carbon dioxide emissions in Chinese iron and
steel companies. Other studies [1,9,60] evidenced a direct relationship between external pressure and
sustainable practices.
However, our study also hypothesizes that LM promotes green practices, as claimed by other
recent studies in different industries and countries [15,34,59]. Then, some relationships seem to
exist between LM, environmental practices and the intensity of the pressure to “go green” and their
combined effects should be studied together. Chen et al. [61] surmised that stakeholder pressure was a
driver of the implementation of LM. However, their empirical analysis showed that pressure was only
related to certain LM practices. Thus, while pressure to reduce the impact on the environment may
be positively related to the promotion of green practices and the implementation of LM may also be
positively related to such practices, the intensity of the pressure experienced by the company seems not
to have any moderating effect on the relationship between LM and green practices. Since the intensity
of the pressure perceived by the respondent is a subjective measure, we posit that LM influences the
perception of such pressure because LM, beyond a set of practices, is a change in how people think
and what they value [31]. Managers, imbued with a lean culture, feel compelled to take steps to
implement green practices in response to stakeholder pressure. A related study [10] found that the
relationship between pressure and green practices is totally mediated by environmentally oriented
training programs. In consequence, it is necessary to raise people’s environmental awareness and
improve the skills required for green practices. Training is not specifically included in our model,
but we assume that the implementation of LM develops people’s skills and awareness. In consequence,
the role of pressure on the relationship between LM and green practices deserves to be studied
and this study hypothesizes the mediating effect of the pressure to “go green”. We thus posit the
following hypothesis:
Hypothesis 3 (H3). The pressure to “go green” experienced by companies has a mediating effect on the
relationship between the implementation of LM and the promotion of green practices.
Another way for firms to improve their environmental performance is by implementing an
environmental management system (EMS) [62]. Most companies develop their EMSs based on the
requirements set by the ISO 14001 standard. This standard asks certified companies to develop
their environmental programs (where impacts on the environment are identified and responses are
outlined) and, consequently, ISO 14001 can be considered to lead to the promotion of green practices.
Kawai et al. [63] empirically verified that EMS implementation is positively associated with both green
product innovation and green process innovation. Within the list of techniques used to improve
processes, LM could be included. Rothenberg et al. [45] included ISO 14001 in their early lean and
green framework. They found that LM leads to the adoption of ISO 14001 and increased environmental
performance. This may suggest a mediating effect of EMS adoption on the relationship between LM
and environmental performance. Habidin et al. [64] empirically verified this mediating effect but they
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also found that the relationship between ISO 14001 and performance was not significant (p = 0.051).
Boiral and Henri [65] also found that there was no correlation between ISO 14001 and environmental
performance, maybe because certification can be attributed to external pressures or marketing purposes
while the company is not really committed to sustainability. In contrast, Castka and Prajogo [66]
observed the structural relationship between ISO 14001 internalization (the requirements of the norm
being truly put into practice) and environmental benefits.
Related studies [21,22] considered LM and ISO 14001 to be complementary and state that LM and
ISO 14001 should be integrated to achieve synergies. Jabbour et al. [67] show that the requirements of
ISO 14001 related to waste elimination and equipment maintenance highly overlap with the principles
of LM and, consequently, both approaches can be integrated to create synergies [23,68]. Based on the
above, lean implementation and ISO 14001 adoption should be studied at the same time.
However, compliance with ISO 14001 requires arduous processes and documentation [23], and the
effort to implement both ISO 14001 and LM may be overwhelming. In consequence, lean companies
that implement ISO 14001-based environmental management systems may find that the complicated
processes of ISO 14001 become a barrier to LM implementation [68]. Based on the above, when firms
implement LM and establish EMSs based on ISO 14001 to promote green practices, the adoption of
ISO 14001 may run counter to company intentions in terms of LM and become a moderator. Thus,
we develop and verify the following hypothesis:
Hypothesis 4 (H4). Adoption of the ISO 14001 standard has a moderating effect on the relationship between
the implementation of LM and the application of green practices.
2.4. Theoretical Framework
According to the review of the literature and the above hypothesis development, this study
develops the theoretical framework shown in Figure 1. In line with Figure 1, this study further tests the
path relationships between the implementation of LM, promotion of green practices, environmental
performance, pressure to reduce impact on the environment, ISO 14001 adoption, and employee
involvement through statistical approaches. Through the verification of our theoretical framework
and the clarification of the relationship between LM, green practices, and environmental performance,
one can better understand the roles and influences of employee involvement, pressure to “go green”,
and ISO 14001 adoption within these processes.
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3. Materials and Methods
3.1. Questionnaire, Operationalization and Variables of the Constructs, Data Collection and Sample Profile
To test the research hypotheses, this study utilizes survey-based empirical data from Chinese
manufacturers. As part of a broader research project, a cross-sectional survey instrument was first
designed (based on the theoretical framework and research hypotheses) and validated based on extant
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research. In line with the theoretical framework described in Figure 1, the questionnaire encompasses
six constructs: (i) implementation of LM; (ii) promotion of green practices; (iii) environmental
performance; (iv) pressure faced by companies; (v) ISO 14001 adoption and (vi) employee involvement.
We reviewed related studies to define the operationalization of each construct and its related variables.
These variables became the items or questions in the questionnaire (Table 1).
Table 1. Questionnaire content, operationalization, variables of each construct and citation source.
Constructs Variables Operationalization Sources
1. The “implementation of lean manufacturing (LM)” construct measures the level of implementation of several shop floor practices.
Please measure your implementation level of LM based on the following items on a five-point Likert-type scale (from 1 = not at all to
5 = fully implemented).
Implementation of lean
manufacturing
I1. Just in Time/Pull production. Improving the production






I3. Total Productive Maintenance.
I4. Production Flow.
I5. Controlled Processes (they supply defect-free
units).
2. “Green practices” rates the adoption of such practices.
Please measure the level of adoption, in your company, of the following practices on a five-point Likert-type scale (from 1 = not adopted
to 5 = fully adopted).
Green practices
G1. Eco-design.
G2. Internal Environmental Management.
G3. Green Purchasing.
G4. Waste Management.
Actions employed by an
organization with the aim of
protecting the environment
(e.g., to minimize negative
impacts).
[70]
3. “Environmental performance” captures the evolution of these indicators.
Please measure, according to your perception, your company’s environmental performance on the following aspects (1 = no





means the effectiveness of




P2. Usage of resource.
P3. Waste reduction: Reduce.
P4. Waste reduction: Reuse.
P5. Waste reduction: Recycle.
P6. Cooperation with customers including
environmental requirements.
4. “Pressure to go green” gauges, according to the respondent’s perception, the existence and importance of pressures to adopt
environmental-friendly practices.
(a) Please, specify your agreement with the following statements (Five-point Likert-type scale, from 1 = strongly disagree to
5 = strongly agree).
(b) Please, rate the importance for your company of each of these regulatory aspects (from 1 = not important to 5 = very important).
Pressure to “go green”
PR1. Our main customers believe that we should
implement environmental management.
The company detects the need
to implement environmentally
friendly measures to remain
competitive, as demanded by
stakeholders or as done by
competitors.
Scales used in [71,72]
PR2. Environmental management has been
widely implemented by our customers.
PR3. We may not retain our important customers
without environmental management.
PR4. Our main competitors that have
implemented environmental management
benefited greatly.
PR5. Our main competitors that have
implemented environmental management are
favorably perceived by customers.
PR6. Our main competitors that have
implemented environmental management have
improved competitiveness.
PR7. Pressure derived from national regulations
(such as waste emissions and cleaner production).
PR8. Pressure from national resource saving and
conservation regulations.
PR9. Pressure from regional environmental
regulations.
PR10. Pressure from regional resource saving
and conservation regulations.
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Table 1. Cont.
Constructs Variables Operationalization Sources
5. “ISO 14001 adoption” is measured through the level of implementation of environmental management (EM procedures or standards.
For the following items, please measure your company’s situation, with respect to ISO 14001 adoption. Use a five-point Likert-type scale:
1 = not at all/2 = poor/3 = fair/4 = good/5 =very good.
ISO 14001 adoption
IS1. Standards of product stewardship. Environmental Management




[17,73]IS2. Standards of waste reduction (Reuse).
IS3. Standards of waste reduction (Recycle).
IS4. Standards of cooperation with customers
including environmental requirements (CC).
6. “Employee involvement” captures the respondent’s perception of workers’ involvement in the related processes.
Please, specify your agreement with the following statements (Five-point Likert-type scale, from 1 = strongly disagree to
5 = strongly agree).
Employee involvement
EI1. Our employees intend to engage in
environmentally sustainable work activities. Techniques to engage





EI2. Our employees think engaging in
environmentally sustainable work practices is
quite favorable.
EI3. Our employees know well the
environmental impact of waste management and
recycling at workplace.
In autumn 2019, we collected empirical data using the questionnaire in Table 1. Questionnaires
were sent to 306 manufacturing companies in China. A cluster non-probability sample was used since
our population of interest is made up of companies with some experience in lean manufacturing-which
is especially important since some authors have noticed an unsatisfactory implementation of LM in
China [17] and thus it could shed some light on our research questions. China is an excellent target for
our study because China accounts for over a quarter of the total world manufacturing value added—as
is frequently said, China is the factory of the world—but this has caused important environmental
problems such as pollution, greenhouse gas emissions and waste generation.
Since each sector has its own environmental issues, many scholars suggest a sector-based
approach [54]. Respondents to our questionnaire are included in the same sectors used in related
studies [44,61], which focused on industrial sectors depicted by the International Standard Industrial
Classification (ISIC) divisions 25 to 30 (revision 4). However, our approach may limit the generalizability
of our findings to other industries and countries. Furthermore, survey data can always be biased
(see [2] for further discussion).
We received 220 valid responses (response rate = 71.9%), which provided enough data for the
evaluation of our research framework. In order to characterize the profile of the companies in the
sample, we investigated three characteristics: enterprise size, product type, and age of implementation
of LM. According to aggregated results, the characteristics of the respondents are shown in Table 2.
They are either large mid-size firms or large companies (larger companies are most likely to implement
the studied practices [6]) from the secondary sector, with incipient to young and, in some cases, mature
lean systems.
Table 2. Sample profiles.
Characteristics Profiles
Enterprise size (Number of employees)
Up to 100 = 18.64%
Between 101 and 300 = 39.55%
Between 301 and 500= 12.73%
Between 501 and 1000= 16.36%
Above 1000 = 12.73%
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Table 2. Cont.
Characteristics Profiles
Type of product (Industry description)
Manufacture of Smart Grid and Intelligent Electrical Apparatus = 18.18%
Manufacture of fabricated metal products, except machinery and equipment = 9.55%
Manufacture of computer, electronic and optical products = 13.64%
Manufacture of electrical equipment = 17.27%
Manufacture of machinery and equipment not elsewhere classified = 16.82%
Manufacture of motor vehicles, trailers and semi-trailers = 10.45%
Manufacture of other transport equipment = 7.73%
Others = 6.36%
Age of implementation of LM
Under 1 year = 5%
1 year to 3 years = 31.36%
3 years to 5 years = 41.82%
5 years to 7 years = 16.36%
Over 7 years = 5.45%
3.2. Data Analysis
Partial least squares (PLS) analysis is a convenient method to study models that include complex
cause-and-effect relationships between latent variables or constructs while including mediation and
moderation effects [75]. PLS has been chosen as the right technique to statistically test our hypotheses
because they involve path relationships and mediation and moderation effects among six constructs.
In the PLS analysis, the significance of the research hypotheses about relationships between variables
is tested by means of a bootstrapping procedure (5000 sub-samples—with replacement—are generated
at random). The analysis process computes the path coefficients for each subsample and the t-value
is also computed for every coefficient. Once we know whether every path coefficient is statistically
significant or not, the result is applied to the evaluation of the research hypotheses. As the analysis
tool, we used SmartPLS 3.0.
Before testing the research hypotheses with PLS, it is necessary to check the validity and reliability
of the constructs [75]. For validity and reliability, factor loadings, composite reliability (CR), average
variance extracted (AVE) and discriminant validity are the main measurement indices. All factor
loadings should exceed 0.4 [76]. In addition, the CR and AVE should exceed 0.7 and 0.5, respectively [75].
An AVE below 0.5, but above 0.36, can be accepted provided that the CR is above 0.7 [77]. In addition to
the validity and reliability of the constructs, discriminant validity is also tested. Discriminant validity
relates to whether each construct can be discriminated from the others and it evaluates the correlation
among constructs. If the correlation value lies below 0.7, every construct can be discriminated [77].
If the constructs satisfy the requirements of validity and reliability, PLS analysis can begin.
The model’s quality of fit should be measured within the process of PLS analysis and the standardized
root-mean-square residual (SRMR) is used as the main index. The SRMR was intended to be used in
covariance-based Structural Equations Modelling, but it has been extended to PLS. It is an approximate
measure of the quality of fit of the model and it has been used by many researchers [78].
Before testing the hypotheses, we test the validity and reliability of the constructs. To do so,
we evaluate the factor loadings, CR, AVE, and discriminant validity. The test results for the factor
loadings, CR, and AVE are shown in Table 3, and the results for discriminant validity are shown in
Table 4.
In Table 3, all factor loadings are above 0.4, and all CR values exceed 0.7 and thus they are
satisfactory. CR is used to measure inter-item consistency. According to these values, all of the scales
demonstrate acceptable results. We calculate the square roots of the AVE values, which measure the
average variance shared between a construct and its measures [77]. The AVE values for green practices,
environmental performance, ISO 14001 adoption, and employee involvement are higher than 0.5,
satisfying the measurement requirements and the values of implementation of LM and pressure to
“go green” are less than 0.5 but above 0.36 (still acceptable [77]). Table 4 shows the test results for
discriminant validity. Since the correlation values between constructs are lower than 0.7, the test results
satisfy the requirements. Therefore, we can discriminate every construct.
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Table 3. Construct measures assessment: composite reliability and convergent validity.
















































Table 4. Discriminant validity (Correlation).
Mean SD LM GreenPracti. Performance Pressure ISO 14001
Implementation of LM 3.911 0.625 -
Green practices 4.001 0.684 0.443 -
Environmental performance 3.923 0.709 0.327 0.698 -
Pressure “to go green” 4.058 0.524 0.457 0.352 0.445 -
ISO 14001 adoption 4.005 0.641 0.342 0.221 0.323 0.437 -
Employee involvement 4.106 0.526 0.372 0.278 0.312 0.443 0.468
4. Results
The PLS analysis results are shown in Table 5. This table shows the path coefficients and
the explanation of the construct variances (R2). In terms of the construct variances, we find that
each of the endogenous variables is adequate, explaining 22.5% of the variance for green practices,
52.3% for environmental performance, 20.9% for pressure to “go green”, and 14.2% for employee
involvement. Regarding the test results of the hypotheses, the path coefficient for the relationship
between the implementation of LM and the adoption of green practices is 0.347 (p < 0.01); thus,
we can conclude that there is a positive correlation between both variables, supporting hypothesis
H1a. For the relationship between the adoption of green practices and the environmental performance,
the path coefficient is 0.640 (p < 0.01); thus, green practices have a positive effect on environmental
performance, which supports hypothesis H1b. In addition to testing whether LM has positive effects on
green practices, this study also examines the relationships between implementation of LM, employee
involvement, and environmental performance. The path coefficient for the relationship between
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implementation of LM and employee involvement is 0.377 (p < 0.01) and the path coefficient for
the relationship between employee involvement and environmental performance is 0.166 (p < 0.01).
Therefore, hypotheses H2a and H2b are supported. Furthermore, hypothesis H2c is supported because
the path coefficient is 0.137 (p < 0.05), illustrating a moderating effect of employee involvement on
the relationship between the adoption of green practices and environmental performance. The path
coefficient for the relationship between the implementation of LM and the pressure to “go green”
is 0.457 (p < 0.01) and the path coefficient for the relationship between pressure and environmental
practices is 0.179 (p < 0.05). These findings suggest that pressure to “go green” has a mediating effect on
the relationship between the implementation of LM and green practices, which supports hypothesis H3.
Finally, regarding the moderating effect of ISO 14001 adoption, the path coefficient is −0.001 (p > 0.05)
indicating that hypothesis H4 is unsupported. In terms of measuring the model fit, the SRMR is the
primary index used. According to the test, the SRMR is 0.071, which is lower than 0.08, and the model
fit can be accepted.
Table 5. Partial least squares (PLS) structural model results.
Hypotheses StandardizedCoefficient t-Value Results
H1a Implementation of LM -> Green practices 0.347 3.736 ** Supported
H1b Green practices -> Environmental performance 0.640 11.862 ** Supported
H2a LM -> Employee involvement 0.377 6.563 ** Supported
H2b Employee involvement -> Environmental performance 0.166 2.925 ** Supported
H2c Moderating effect of employee involvement 0.137 2.423 * Supported
H3
Implementation of LM -> Pressure to “go green” 0.457 6.766 ** Supported
Pressure to “go green” -> Green practices 0.179 2.043 *
H4 Moderating effect of ISO 14001 adoption −0.001 0.0160 Unsupported
Variance explained in the endogenous variables
Green practices R2 = 0.225
Environmental performance R2 = 0.523
Pressure to “go green” R2 = 0.209
Employee involvement R2 = 0.142
Model fit
Standardized root-mean-square residual SRMR 0.071
** p < 0.01, * p < 0.05.
5. Discussion
Based on the test results, this section provides further discussion. First, according to our test results,
the implementation of LM has a positive effect on the application of green practices, thus allowing the
achievement of a high environmental performance. Test results are in consonance with successful cases
in the literature that show that “lean is green” and go one step further because they show that there is
a correlation between the implementation of LM and different green practices such as eco-design and
green purchasing.
Second, concerning the issue of employee involvement, even though LM fosters employee
involvement, employees may neither be willing to cooperate nor show a strong commitment [56].
These operators may not put forth their best efforts in green practices [57] and this may affect
environmental performance. Our research results proved that, in our sample, LM is able to encourage
employee involvement and this commitment is important to ensure that green practices lead to an
outstanding environmental performance. According to our test results, employee involvement has a
moderating effect and affects the relationship between green practices and environmental performance.
However, why is that so? This problem has to do with the psychology of workers. When employees
experience a work atmosphere that persuades them to get involved in problem-solving, but they do not
get imbued with a lean culture, their attitude towards work becomes passive [79,80]. Even if workers
participate in green practices, their passive attitude may lead to poor results of such practices and poor
environmental performance. Therefore, employee involvement becomes a moderator that affects the
relationship between green practices and environmental performance.
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Third, according to the test results related to hypothesis H3, pressure to “go green” has a
mediating effect and affects the relationship between the implementation of LM and the promotion
of green practices. Chen et al. [61] empirically found a correlation between some lean practices
and stakeholder pressure to “green” the company. Considering that this paper has shown that the
hypothesis of a relationship between the implementation of LM and green practices is supported,
this study sought to determine whether pressure may have a mediating effect on the relationship
between the implementation of LM and green practices. LM has the ability to change how people
behave and think. This is what we call “lean culture”, a culture of continuous improvement and fight
against all forms of waste [81]. These values help create environmental awareness and make people
pay attention to the demands of more sustainable manufacturing [81,82]. This explains why lean
companies implement green practices in response to stakeholder pressure, whether using specific LM
tools [14,61] or not. Our results agree with those achieved by González-Benito and González-Benito [82],
connecting LM with environmental practices through two paths, both depending on lean culture,
with one way specially influenced by environmental pressure of stakeholders, as perceived by the
company management.
Finally, regarding the moderating effect of adopting ISO 14001, this hypothesis was unsupported,
suggesting that ISO 14001 adoption does not exert a moderating effect on the relationship between
the implementation of LM and green practices. Nonetheless, if ISO 14001 adoption is combined
with implementation of LM at the same time, despite the complexity of the process, both approaches
will contribute, in a synergistic way, to the promotion of green practices. To verify this conjecture,
although this study does not establish a hypothesis to test whether ISO 14001 adoption has a positive
effect on the implementation of LM, we eliminated the moderating effect of ISO 14001 from our model
and built a path between the ISO 14001 construct and the LM construct (Figure 2). When the model
was tested, this new path coefficient was 0.341 (p < 0.01). The path coefficient between LM and green
practices was 0.347 (p < 0.01) in the original model. However, when the relationship between LM and
ISO 14001 is included in the model, the path coefficient between LM and green practices increases to
0.354 (p < 0.01) while all other path coefficients remain practically constant. According to the results of
this test, LM and the adoption of an ISO 14001-based EMS can be integrated and be a greater driving
force promoting green practices due to the congruence between their principles and requirements.
This conclusion agrees with the studies [21,22] that suggest an integrative effect between LM and ISO
14001. In consequence our research provides empirical support to those studies.
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Figure 2. Test results of integration between ISO 14001 adoption and implementation of lean
manufacturing (LM).
Sustainability 2020, 12, 7258 14 of 19
Based on these findings, this study provides valuable research results. However, since our work is
based on companies from a single country, we might wonder whether national culture would prevent
our study from being transposed to other regions of the globe. For example, companies may claim that
they cannot implement LM because they are not Japanese. Sartal et al. [33] verified that organizational
culture totally mediates the relation between lean tools and operational performance. This means
that, although the values of a specific nation or company are not those that inspired Toyota, a lean
implementation may be successful as long as the company lets lean practices prompt the necessary
cultural changes, based on values which are compatible with LM [20]. Nevertheless, this cultural
change is crucial to ensure long-term success. In this regard, Bortolotti et al. [83] confirm the relevance
of practices such as group problem solving and multiskilled operators. Based on the above findings,
when manufacturers from other countries try to improve their environmental performance through
LM, they will likely encounter the same questions that our research poses and will have to promote the
necessary cultural change.
6. Conclusions and Implications
Because companies are likely to face new challenges in terms of management of their processes [6]
in order to advance towards sustainable manufacturing, this study sheds light on the role of LM
in environmental sustainability. It also explores other determinants such as stakeholder pressure,
ISO 14001 adoption and employee empowerment. The literature suggests that LM may have an
impact on environmental performance. Our results show that this relationship is not straightforward.
Environmental performance is based on environmental practices, because LM is not “green” per se.
Employee involvement—which emerges from LM—acts as a moderator and it may either enhance or
damage the relationship between green practices and environmental performance. The relationship
between LM and green practices is two-fold. On one hand it is based on the development of a
lean culture. On the other hand, it is mediated by the perceived pressure to reduce impact on
the environment, which is attributed to the environmental awareness that stems from LM. Finally,
we proved that ISO 14001 adoption has no moderating effect on the relationship between LM and
green practices but, more importantly, this study proved that green practices are markedly promoted if
a company implements LM and an EMS in an integrated manner.
This study provides valuable managerial implications that are both academic and practical.
Regarding the academic implications, this study developed a theoretical framework based on gaps
and conflicts in the extant literature. We developed our research questions from the perspective of LM,
taking into account the human side of LM, and its relationship with ISO 14001 and found that attitude
is paramount to improve environmental sustainability. This opens new questions for research: at a
macro level, a more holistic view can be adopted, because in extant research only partial relations have
been studied and a more complex model should be analyzed. For example, lean culture should be a
considered as a specific construct. At a micro level, an analysis of the relationship between different
lean tools and environmental practices should be undertaken, in order to clarify their particular
usefulness. Researchers should rethink the role of employee involvement and pressure along with
the adoption of ISO 14001. Many studies report that employee involvement is a consequence of LM,
but they ignore the nature of people, which may negatively affect green performance. This viewpoint
should be further studied. In addition, some researchers have indicated that pressure to “go green”
may drive manufacturers to implement LM for environmental purposes but, according to our results,
pressure also plays a mediating role and its existence ensures the maintenance of green practices.
Finally, the synergy between ISO 14001 and LM, outlined in our paper, should be further studied.
Regarding the practical implications, we proved the LM drives employee involvement to ensure
the effect of LM on environmental performance. However, our test results also show that, as a
moderator, involvement may enhance or damage the relationship between green practices and
environmental performance. For this reason, manufacturers need to explore how to encourage and
enhance employee engagement through a positive and efficient approach, such as training employees
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or developing team building [84]. LM contributes to shape employee behavior and attitudes. Thus,
managers must be careful that LM develops a true lean culture. Furthermore, the connection between
LM and environmental practices must be reinforced with training and environmental awareness.
The mediating effect of pressure to “go green” can be used by manufacturers to maintain the effect of
LM on green practices in a similar way as pressure is used in LM to achieve pull production. Moreover,
since the pressure that one may experience is related to LM, we have one more reason to develop
a lean culture. Our research also discussed why ISO 14001 adoption is important. This result will
guide manufacturers to rethink mechanisms to combine LM and ISO 14001 in order to realize high
environmental performance and further environmental sustainability.
Finally, the results of our study have implications for industrial policies aimed to accelerate a
transformation towards a green sustainable society while enabling productivity enhancements [85].
Governments should support the environmental benefits of LM. As an example, the Environmental
Protection agency (EPA) has been disseminating the lean and green paradigm for years (see for
example [86]) to help companies reduce their environmental footprint.
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